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less. Left side drive. center control. hand speedometer. I28-inch wheel base. 
Gray & Davis electric starter and lighting Full-floating rear axle. Resilient spring., M 
system. Bosch dual double magneto. elliptic in rear; semi-elliptic in front. 
Electric horn. 12-inch Turkish upholstery Silk mohair toP. cover and curtains. 
Tire pump. integral part of motor, inflates Luxutiously appointed in every detail. 
tire in three minutes. Large. roomy. comfortable body. 
Trulfault-Hartford shock absorbers. Easy riding qualities unexcelled. 
And there are many other points of superiority. 
Five models ranging in price from $2750 to $3400. 
= You should read the Style Book of the new NatIonal cars 
National Motor Ve::�l: s�:.:t �:;t�e;2 Indianapolis, Ind. = 
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THE ROTARY 
STEAM ENGINE 
.r The Rotary Steam En­
'L. gine has attracted the 
best thoughts of inventors and 
students for many years. All 
interested should read care­
fully the very complete in­
formation found in the files 
of the Scientific American 
Supplement. Every class and 
type of rotary engines and 
pumps is described and illus­
trated. 
Each Dumber of· the Scientific American 
or the Supplemenl cOlIs 10 cenla. A lei 
of papers containing all the articles here 
menboned will be mailedlor $2.00. They 
aive more complete information on the sub­
j ect than a library of engineering works. 
Scnd lor a copy 01 the 1910 Supplement 
Catalogue. free to any address. Order 
from your newsdealer, or the publishers 
MUNN & CO. Inc. 
36) BROADWAY,N.Y.CITY 
Scientific American Supplement 470 describes 
the Haninaton Rotary Ename. a form of intermittent 
lIeaf. 
Scientific American Supplement 497 describ .. 
Fieldina & Piau', Univenal-joint Rotary Enaine. 
Scientific American Supplement 507 describes 
the· Jacomy Enaine. a aquare-piston type. 
Scientific American Supplement 528 describes 
Inclined-shaft Rotary Enaine. usina the universal. 
joint principle. 
Scientific American Supplement 558 describe. 
the KinadoD Elll/ine, a " wabble-diak " desian. 
Scientific American Supplement 636 describ .. 
Riapo Revolving-cylinder Enaine. suaaestina the 
present Gnome motor. 
Scientific American Supplement 775 describes 
Revolvil12-<=ylinder en;ines of several forms. 
Icientific American Supplement 1109-1110-
1111 contains a aeries of Kfcat interest. describing: 
and mu.tratilll/ all the principal types 01 rotary en­
lines and pumps. This set should be studied by 
every inventor.Alld designer. 
Scientific American Supplement 1112 describes 
the Filtz Rotary Motor. usina helical .urlaces. 
Scientific American Supplement 1158 descn'bes 
Hult·, Rotary Envine. an eccentric-rina type. 
Scientific American Supplement 1193 describe. 
Arbel & Tihooo, Rotary Motor. an inaenious eccen­
tric type. now on the market as a pump. 
Scientific American Supplement 1309 describes 
The Colwell Rotary Ena:ine. in which a piston travela 
entirely around an annular cylinder. 
Scientific American Supplement 1524 describe. 
Rotary £naine on the intermiuenHlear principle. 
Scientific American Supplement 1534 contains 
a valuable column on the difficulties of rotary engine 
desiaD. 
Scientific American Supplement 1821 contains 
an article describing many new forms 01 rotary en­
gines of the most modem design. 
Scientific American, No. 23, Vol. 102 contains 
a lull description 01 the recent Herrick Rotary 
Engine, an eccentric type with swinging abutment. 
Scientific American, No. 23. Vol. 104 describes 
Jarman's Engine, on the sliding-valve principle. 
Scientific American. No. 14, Vol. 106 describe. 
the Augustine Rotary Enaine, with novel features 
iDCorpol&ted iD the alidina-volve desian. 
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The Evolution of Worlds 
The Work of Sir George Howard Darwin 
By John W. N. Sullivan 
T HE great conceptions of science have: revolutions. Of course, this slowin� down always possessed a more tlIan scien· i" excessively minute. nevertheless it 
tific interest. '.rhe Copel'llicau theory iu exist;;. and it follows tha t iu age;; loug 
astronomy, important as it I\'a,,; from the past the earth must have been rotating 
purely scientific point of view, was of appreciably faster than at present. As 
still greater importance a;; a powerful fac- we trace things back farther and farther 
tor in freeing men's minds frolll that local we find the earth rotating faster and fn;;t­
and narrow view which considered our er, and so the length of the day becomiug 
planet to be the center of the uuiverse, continually less. Is there any limit to 
and all the starry hosts of heaven to be this process? The answer is that there 
somewhat in the nature of pleasing orna- is a certain critical velocity at IYhich the 
ments. The Newtonian theory of gravi-, materials composing the earth would be 
tation, also, by showing that one great ! unable to resist the straiu consequeut 011 ' 
law reigned throughout the solar system, l the velocity of rotation, and the earth 
gave a unity to nature of the greatest would tly in pieces. This critical "elocity 
philosophical and religious significance. ha;; been calculated, and it appears tha t 
And in our own time the theory of el'olu- the length of a day in those inconceinlbly 
tion, introduced as a hypothe><is in the di"taut ages would be between three aud 
realm of biology, has influenced our con- four hours. 
ceptions in nearly every branch of knowl- The length of our present day of twen­
edge. I ty-four hours we have attributed to the One of the most faSCinating illustra- action of the moon. The tides caused hy tions of the general principle ilf e,'olution the mO(Hl act a:; a kind of brake on the is found in the history of the origin and I earth. Rnt NelYtou's third law of motion 
growth of the me�bers of our solar sys- i teaches us that every action has its equal 
tern. It is fitting that the son of the man I aud opposite reactiou. What has heen 
who told us so much ahout the origiu of I the reactiou of the earth on the moon'! 
species should be the man to tell 
'
us so I Tlw ('lIl'th has driven the moon farther 
much about the origin of worlds. ((nd fal'thcr (/.way. The prinCiple of the 
George Howard Darwin, the second son I couservation of the moment of momentum 
of Charles Da�'lYin, was bO�'n at Dowu1 teaches us that the momentnm .Iost �n oue in 1845 and dIed at Cambndge on De- part of the system must be gamed m an­
cern bel' 7th, 1912. As a student he gained other, and, therefore, as the earth slow;; 
high mathematical honors at Cambridge, down the orbit of the moou hecomes larg­
that breeding place of great mathemati- er. The length of the day is increasing 
cians, and became Plumian professor of aud so is the leugth of the mouth. Tn re­
astronomy in the University in 1883. His mote ages, when the earth was rotating 
interests embraced economic and political much faster than it is now, the moon was 
science, besides purely mathematical sub- much nearer than it is now. The rela­
jects, and he was, in fact, called to the tion between the velocity of rotation of 
in 1874. Considerations of health, the earth and the di;;tance of the moon 
however, led him to return to Cambridge. has been calculated, and we reach the 
His greatest achievements have grown out enormously interesting result that at the 
of his interest in the theory of the tides. time when the earth was rotating with 
Newton was the fil'St to give anything like the critical velocity of hetween three and 
a scientific explanation of their occur- four hours, the moou waR at such a dis­
rence, and he gave a satisfactory account tauce that it was jnst grazing the surface 
of the main features of the phenomena. of our plnuet. This canllot be a mere 
The principles of further developments coincideuce. We are irresh;tihly impelled 
were laid down by Laplace and were to the couclm;ion that we have reached 
afterward applied in a magnificent man- the time of the birth of the moon. In 
ner by KelYin. It was at this point that that remote age the earth diil fly in pieceft 
George Darwin took up the subject, and It broke up into two great lump;;, and 
the patience and tenacity he showed in : one of tho"e lumps was the moon. At 
performing vast and intricate numerical that time the leugth of the day aud the 
computations reminds one singularly of' length of the mouth were equal. �ince 
the same qualities shown by his father in ! then the earth has been driving the moon 
collecting data for his theory of hiOIOgiCal1 away, and the moon has been slowing 
evolution. The main lines of tidal theory· down the earth. Rut the ratio of the 
are well known. Most people are aware I month to the day has uot been steadily 
of the fact that the attraction of the increasing. It is true that it increased to 
moon and of the sun causes a kind of a certain point, but then it started to de­
hump in the sea which travels round the crem;e. Long before the dawn of history. 
earth owing to its rotation. The moon is perhaps before the appearance of men 011 
the more powerful agent, and the two thi,; planet, there were more days in the 
humps it produces (one on the side of mouth than there are now. At the period 
the earth nearest the moon and the other of maximum there were twenty-nine days 
on the opposite side) travel round the in the month, or in other words, the 
earth in about 24 hours 50 minutes, earth completed tweuty-nine revolutions 
whereas the humps caused by the stln on its axh; while the moon completed one 
trm'el round in 24 hours. When the revolution round the earth. Since then 
lunar and solar tides coincide we have the ratio of the month to the day has he­
spring tides, and when they act against come Kteadily less. This process will only 
one another we have neap tides. SUCh, cease when the tides cease to act as a 
in brief, is the main outline of the sub- brake. This can only be when the earth 
ject, but to pursue it into its details re- rotates in the same time as the m0011, 
quires a vast amount of complicated so that once again the day will be as 
mathematical analysis. But apart from lon,g as the month. Ro far as the earth­
the details of the actual tides experienced moon system is concerned, this condition 
on our earth, they have a significance of Iyill lJe dynamically Ktable. Having once 
far greater interest than themselves. been attained it will IlIwer alter. It hilS 
They throw light on the origin of some already been attained hy the moon itself. 
members of our solar system. The tides It is well known that we only :;ee one side 
do work-sometimes useful work, as in of the moon, which means that the moou 
scoo[ling out convenient landing places for rotates on its axi,; in the same time in 
our great ships, and sometimes useless which it rotates round the earth. Thl-' 
work. But in any case the dissipation of earth-caused tides on the moon have done 
energy is involved, and as we know that t'heir work. If in that far-distant future 
energy cannot be created, the question any considerable part of the earth is still 
arises, where does it come from? The fluid, the solar tides may cause a still 
earth possesses a large store of energy greater increase in the length of the day, 
in virtue of, its revolution, and ulti- and it may he that instead of the day be­
mately the energy daily eX[lended by ing eflual to the month, finality will he 
the tides must come from that. But the reached with a day longer than the month. 
earth's �tore of energy, though great, is This is what seems to have haJlllened with 
not infinite, and it must follow that the, the planet Mars. 
earth's store is decreasing, in other words, ' Mar:; is prolmbly older than the earth, 
that the earth is slowing down in its and it is considerably :;maller, so that 
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is the Adler-Process. It covers wood or metal, by spray­
ing a celluloid !'Ioiution upon it. 
Interior Decorations -Lighting Fixtures - Bathroom 
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in appearance and more durable. 
Paint or enamel forms a sort of skin which easily scales. 
Adler Celluloid Solution sticks as long as the object lasts. 
Made in all colors-Let us estimate on your work NOW. 
J. ADLER GILDING CO. 
343 West 13th Street New York City 
2 0 Reasons Why You Should 
Investigate the SANDOW 
Kerosene Siahonary ENGINE 
Bruns o n  kerosene (coal oil), gasoline; 
alcohol or distillate withoui change of 
oquipmelit-starta without cranking­
runs in either direction-throttle go,,· 
erned-hopper cooled-speed controlled 
while running-no cams-no valves-no 
gcan-no sprockets-only three moving 
parts-portable-light wcight- great; 
power-starts easily at 40 degree. below 
zero-complete, ready to run-chit· 
reD operate them -�year iron· 
clad guarantee -IS-day money· 
back trial. Sizes 2 to 20 H. P. 
�nd a postal today for free oatalar. 
whicb shows hoW' SandoW' .11l be uaeful 
to JOu. Our special advertliing propo­
aHlon .VIII JOu one-balf Oott of ftnt 
eng1no sold In county. (161) 
$92.S0-0ur Price 
for Next 30 Days! 
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the offer. We guarantee this record price for 30 days only. 
Just now we can save you $35 or more. 
Edwards Fireproof GARAGE 
Quickly Set Up Any Place 
An artistic, fireproof steel structure for private use. Gives 
absolute protection from sneak thieves, joy riders. fire, light­
ning. aCCidents, carelessness, etc. Saves $20 to $30 monthly in garage rent. Saves time, work, worry and trouble. Comes 
ready to set up. All parts cut and fitted. Simple, complete 
directions furnished. Absolutely rustproof. Joints and seams 
�
ermanently tight. Practically indestructible. Locks secure-
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sent to-day brings new 56-page illustrated Garage Book by 
return mail. 
THE EDWARDS MANUFACTURING CO. 
G42-692 Eggleston Ave_ Cincinnati, Ohio 
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tidal actioll should have already accom­
plished there what still lies in the distant 
future for our earth. Now one of the 
most astonishing things attendillg the dis­
co,·ery of the satellites of MarR in 1877 
is the fact that the interior satellite Pho­
bos revolves around Mars in 7 hours 3D 
minutes, while Mars revolves 011 its axis 
in 24 hours 37 minutes. There Gan LJe 
little doubt that this result is a direct 
consequence of the action of the solar 
tides on Mars, and is, as it were, all ex­
perimental verification of the mathemati­
cal predictions sketched aLJove. 
This necessarily brief alld imperfect ac­
count of some of the most important work 
of the late George Darwin may serve to 
give the reader some idea of the magni­
tude of the problems which engrossed him 
and of the far-reaching importance of the 
results to which his genius led him. 
His results aroused the interest of many 
other mathematicians, particularly the 
late Henri Poincare, and there is no fear 
but that the suLJject will continue to re­
ceive the attention its importance war­
rants, although the inspiration to conceive, 
the stubLJol"ll patience to grapple with all 
difficulties, and the magnificent aLJility to 
oyercome them, is hardly likely to LJe 
greater ill his successors than it was in 
the great Englishman who has so lately 
I-'lllished forever from among us. 
A $100,000 Prize for a Gasoline 
Substitute 
By Stanley Petman, M. E. 
F OR years it has been prognosticated that the supply of gaSOline eventually 
must prove inadequate to keep step with 
the demand. Lately, developments would 
seem to indicate that there has LJeen more 
than a grain of truth and true prophecy 
in the forecast, for with the production 
of motor cars steadily increasing, at a 
rate that in not a few circles is viewed 
as alarming, the best efforts of the oil 
producers apparently are una vailing to 
meet the requirements. 
At least, the price of fuel for automo­
biles steadily has soared-in a little more 
than one year it has gone up 1:;8.8 per cent 
in America by leaps and bounds-and 
Prevention of Industrial Accidents 
Is one of the most seri­
ous problems confront­
ing Employers of Labor 
to-day 
Employers are eager to adopt all pos­
sible means for the Prevention of in­
dustrial Accidents. but the maj!nitude 
of present day enterprises deprive the 
executive heads of the intimate know­
ledge of conditions necessary to effec-
tive improvement 
THE most effective service for the pre­
vention of accidents, 
the result of twenty 
years practical experi­
enc e, is offered i ts 
policyholders without 
charge by 
The Travelers Insurance Co.l 
Hartford, CODD. 
TRA VELERS service provides systematic and minute investigation of plants 
and equipment; advice 'IS to the elimination of danger points, installation of 
efficient and economic safety devices, handling and storage of material, factory 
methods and supervision. 
Inspections are made by specialists where needed. and by general inspectors 
acquainted with the work of all departments of a plant and of general construc­
t;ve methods. During 1912, The Travelers made 142,000 inspections involving 
850,000 recommendations for improvement of working conditions. 
The Pennsylvania Railroad after largely reducing the number of serious ae<:i­
dents to their shop employees stated "We should fail in our duty if we did not 
give The Travelers Insurance Company credit for the systematic methods now in 
use over the Pennsylvania lines." 
A year's subscription to the Travelers Standard, a monthly devoted to Safety 
Engineering and the Prevention of Accidents, will be sent on request by filling in 
the coupon below. 
The TRAVELERS INSURANCE COMPANY, Hartford, Conn. Sci. Am. L. Tear off 
whether or not the true reaSOll for thl� Send me TRAVELERS Standard for one year without charae 
rise in price is gOQd old "sup]Jly and de­
mand," as so glibly is set forth LJy the oil 
barons themselves, the ultimate result is 
the same, i. e., the automobile owner must 
bear the LJm·den. 
That such conditions could not be al­
lowed to endure long has been evident, 
for no man will stand idly by with folded 
hands when there is the ghost of a 
chance of ameliorating affairs. But the 
amelioration naturally will require the ex­
]Jenditure of much money and the devo­
tion of much time to be effectet;l. Within 
the past few weeks, the British Society of 
Motor Manufacturers and Traders has 
offered a prize of $100,000 for a fuel which 
may be used instead of "petrol," as gaso­
line is styled abroad. I<'or some time, for­
eign motorists have used benzol, which is 
a coal tar derivative, as a substitute, but 
realizatioll of its value has resulted in its 
price being boosted almost to that of gaso· 
line. Added to which, it is procurable 
only in limited quantities as compared 
with the supply of gasoline. 
All of which emphasizes very strongly 
the necessity for some sort of concerted 
action to relieve the situation, which 
rapidly is reaching the state where it is 
unbearable to motorists, who carry the 
hea vy end of the load, and to every one 
else who uses internal combustion engines 
operating on the lighter distillates of pe­
trollhum. 
At last, however, the International As· 
sociation of Recognized Automobile Clubs, 
the membership of which is composed of 
representatives from the most influential 
automobile clubs throughout the world, 
has seen the light of necessity and has 
stepped into the breach by offering to 
finance the donation of a cash prize of 
$100,000 for the best all around fuel other 
than "petrol," or gasoline, which will sat­
isfactorily take the place of the petroleum 
product. 
The decision to offer the prb:e was made 
at the last meetillg of the aSSOCiation, 
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ROTARY PUMPS AND ENGINES 
Their Origin and Development 
An important series of papen giving a historiaJ resume of 
the rotary pump and enaine from 1588 and illustrated with 
clear drawings showina the construction of various forms of 
pumps and engines. 38 illustrations. Contained in Suppl"!'­
ments 1109. 1110. 1111. Price 10 cents each. For sale by 
Munn & Co .• Inc .• and all newsdealers. 
Your Dealer 
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Price 
Quarter - sa wed 
oak MASTER­
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ther C u s h ion Chair No. 11 
height 37� in.,
' 
width 31 in., depth 
21 in. 
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MASTER - BUILT Furniture 
Mail a postal for beautifully illustrated 64-page Free book of 
MASTER-BuILT furniture showing chairs. rockers. settees, tables. 
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- And the Factory Prices 
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MVLLINS STEEL BOATS CAN°T SINK 
Built like Government Torpedo Boats, 0 r tough, puncture-proof, galvanized .teel plate.,.o securely 
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